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rs8103142The present study is the first investigation of the association between single nucleotide polymorphisms
(SNPs – rs8099917, rs12979860 and rs8103142) of the IL28B gene and the development of human
T-lymphotropic virus (HTLV)-associated arthropathy (HAA). Individuals with HAA exhibited low
interleukin (IL) 6 (p < 0.05) and high IL-10 (p < 0.05) levels compared with asymptomatic patients.
TNF-a/CD4+ T cell count, TNF-a/CD8+ T cell count and IFN-c/proviral load positively correlated in asymp-
tomatic patients. The allelic and genotypic frequencies did not differ between patients with HAA and
asymptomatic patients. Seven haplotypes were detected in the investigated population, with haplotype
CCT (p < 0.05) being the most frequent among the HTLV-infected individuals, while haplotype TTG
(p < 0.05) was detected in the group with HAA only. Compared with asymptomatic patients, individuals
with HAA and genotype TT (rs8099917) exhibited larger numbers of CD8+ T cells (p < 0.05) and higher
proviral load levels (p < 0.05). Those patients with HAA and genotypes CC (rs12979860) and TT
(rs8103142) exhibited high TNF-b (p < 0.05) and IFN-c (p < 0.05) levels. Those patients with HAA and
genotype CT/TT (rs12979860) exhibited high IL-10 levels (p < 0.05). These results suggest that haplotypes
CCT and TTG might be associated with susceptibility to HTLV infection and progression to HAA, respec-
tively. Genotype TT (rs8099917) might be a risk factor for elevation of the proviral load and CD8+ T cell
count. In addition, genotypes CC (rs12979860) and TT (rs8103142) seem to be associated with increased
TNF-b and IFN-c levels.
 2015 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Human T-lymphotropic virus 1 (HTLV-1) and Human
T-lymphotropic virus 2 (HTLV-2) are members of family Retroviri-
dae, genus Deltaretrovirus [1]. These viruses exhibit similar biolog-
ical properties, tropism for T lymphocytes [2–5] and a worldwide
geographic distribution [6].The main diseases associated with HTLV-1 are adult T-cell
leukemia/lymphoma (ATLL) [7] and HTLV-1-associated myelopa-
thy/tropical spastic paraparesis (HAM/TSP) [8]. Several rheumatic
diseases have also been associated with HTLV-1 infection, includ-
ing rheumatoid arthritis [9], Sjögren’s syndrome [10] and systemic
lupus erythematosus [11]. Those clinical conditions seem to result
from interactions between the virus and certain host immune
response factors, thus causing an imbalance in the immunomodu-
lation of cell proliferation and inflammation [12].
Studies have shown that HTLV-1 exhibits tropism for synovial
CD68+ cells, which, upon becoming infected with the virus, pro-
duce tumor necrosis factor alpha (TNF-a), which stimulates cell
proliferation and the destruction of articular cartilage through
erosion [13]. Aono et al. [14] showed that extracellular HTLV-1
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factor kappa-light-chain-enhancer of activated B cells (Nf-jB)
and activator protein 1 (AP-1) in human synovial cells. The prod-
ucts of the activation of such factors might play a significant role
in the pathogenesis of HTLV-associated arthropathy (HAA) [14].
HTLV-1 has been described as being able to infect a wide variety
of cell types both in vitro and in vivo. Nevertheless, CD4+ and, to a
lesser degree, CD8+ T cells are considered to be the main targets of
HTLV-1 [15,16]. Although infection is latent in most T cells and
thus undetectable by the host immune system, productive infec-
tion by HTLV activates lymphocytes, whose response is mediated
by multiple cell and humoral immune response mechanisms [17].
Cytokines play a central role in regulating the immune response
against HTLV-1 [18] and represent the main defensive strategy
presented by the host immune system to control viral replication,
and the proliferation of infected cells is mediated by CD8+ T lym-
phocytes [19,20].
Infection with HTLV-1 induces the activation and intense prolif-
eration of infected T cells. This phenomenon is mainly associated
with the function of the virus Tax gene, which is able to transacti-
vate the interleukin-2 (IL-2) and IL-2 receptor genes [21]. Indis-
criminate cell proliferation might result in the expansion of
autoreactive T cells and considerable secretion of proinflammatory
cytokines such as TNF-a. These changes might be associated with
skin and neurologic injury [22]. Thus, studying the role of pro-
and anti-inflammatory cytokines and the polymorphisms of the
corresponding genes might be highly relevant for elucidating the
pathophysiology of diseases associated with HTLV-1.
Interferon lambda 3 (INF-k3), also known as interleukin-28B
(IL-28B), is among the cytokines with a major role in immunomod-
ulation and in the antiviral response [23–25] and has demon-
strated the potential to increase CD8+ T cell counts in the
peripheral blood of monkeys [26]. Three single nucleotide poly-
morphisms (SNPs) have been described for this gene:
rs12979860 (C > T) and rs8099917 (T > G), which are located 3 kb
and 8 kb upstream of the IL28B gene, respectively, and rs8103142
(T > C), which is located in exon 2.
As a function of the immunologic aspects of HTLV-1 infections
and the pathophysiology of rheumatic diseases, the present study
investigated for the very first time the association between SNPs
of the IL28B gene and the development of HAA.2. Materials and methods
2.1. Study population
The present study was conducted with 96 HTLV-1-infected indi-
viduals, with 64 being asymptomatic (19 men and 45 women) and
32 (six men and 26 women) exhibiting the signs and symptoms of
rheumatic disease. All patients received care at the Outpatient
Clinic for Infectious Diseases, Tropical Medicine Unit, Federal
University of Pará Universidade Federal do Pará (Ambulatório de
Infectologia do Núcleo de Medicina Tropical da Universidade Fed-
eral do Pará – UFPA). Patient ages varied from 21 to 79 years old.
All patients were assessed by a rheumatologist, who verified the
presence of symptoms meeting all of the diagnostic criteria for
rheumatic disease. Thus, the patients were clinically evaluated as
to the presence of tenosynovitis, joint pain and arthritis in addition
to myalgia and proximal muscle weakness, the latter being
assessed by means of the Mingazzini test. The individuals present-
ing with a predominance of pain and signs of inflammation in large
joints with a mono-, oligo- or polyarticular pattern were selected
for the present study. The control group was composed of 300
HTLV-1 seronegative individuals from both genders (150 menand 150 women) aged 19 to 68 years old without symptoms of
joint disease.2.2. Sample collection
Blood samples (5 mL) were collected in EDTA-coated tubes from
all of the participants. The samples were sent to the Laboratory of
Virology, Institute of Biological Sciences, UFPA, where they were
tested for anti-HTLV-1/2 antibodies via enzyme-linked
immunosorbent assay (ELISA); infection was confirmed via nested
polymerase chain reaction (PCR) as described previously [27].2.3. Ethical issues
The study was approved by the research ethics committee of
João de Barros Barreto University Hospital (process No.
2061/2005) in compliance with Health National Council resolution
196/96, which addresses the guidelines and regulatory norms for
human subjects research.2.4. DNA extraction
Total DNA was extracted from peripheral blood leukocytes
using the phenol–chloroform method. The procedure included cell
lysis, protein precipitation and DNA purification steps, as previ-
ously described [27].2.5. Polymorphism determination
The extracted DNA was subjected to real-time PCR (qPCR) using
a Step One PLUS Sequence Detector (Life Technologies, Foster City,
CA, USA). The assays used for each polymorphism included one
pair of primers and one pair of probes; VIC and FAM labeling
was applied to each allele of the corresponding polymorphisms.
The target sequence of polymorphism rs12979860 was sent to
Applied Biosystems, which designed the following primer and
probe sequences: 50-GCC TGT CGT GTA CTG AAC CA-30 (forward
primer), 50-GCG CGG AGT TGC AAT TCA AC-30 (reverse primer),
50-TGG TTC GCG CTT C-VIC-30 (allele C probe) and 50-FAM-TGG
TTC GTG CTT C-30 (allele T probe). The same was performed in
the case of polymorphism rs8103142, resulting in the following
primer and probe sequences: 50-GCC TCA GGT CCC AGG TC-30 (for-
ward primer), 50-GCC TTT GCT GTC TAG GAA GAG T-30 (reverse pri-
mer), 50-CGG CAC CTG CAG TC VIC-30 (probe) and 50-CGG CAC TTG
CAG TC FAM-30 (probe).
For polymorphism rs8099917, pre-designed assay part number
C_11710096_10 (Life Technologies, Foster City, CA, USA) was used.
A total of 5.0 lL of TaqMan Universal PCR Master Mix [2X],
0.5 lL of TaqMan Assay [20X], 3.5 lL of H2O and 1 lL of DNA
were used in each reaction, with a final reaction volume of 10 lL.
The following parameters were used for the amplification and
detection of alleles: 60 C for 30 s, followed by 95 C for 10 min,
50 cycles at 92 C for 30 s and 60 C for 90 s.2.6. CD4+ and CD8+ T cell count
The blood samples from the individuals diagnosed with HTLV
infection were processed within four hours of collection. The T cell
count was performed via flow cytometry (BD FACSCalibur 4 colors)
using a BD Multitest immunomonitoring kit according to the stan-
dards recommended by the manufacturer (BD Biosciences, San
Jose, CA, USA).
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The proviral load was measured via qPCR using the three-
target-sequence TaqMan system formulated by Life Technologies
(Life Technologies, Foster City, CA, USA) according to a previously
described protocol [28].2.8. Serum cytokines measurement
The serum concentrations of cytokines TNF-a, TNF-b, IFN-c,
IL-6, IL-8 and IL-10 were measured using ELISA (Human
ELISAReady-SET-Go, EBioscience, Inc. California, San Diego, USA).
This method uses specific monoclonal antibodies to detect the
aforementioned cytokines and was performed according to the
manufacturer’s instructions.2.9. Statistical analysis
The allelic and genotypic frequencies were calculated by direct
counting. Comparative analysis of the allelic and genotypic fre-
quencies and the calculation of the Hardy–Weinberg equilibrium
were performed using the chi-square (v2) test. Simple logistic
regression analysis was performed to investigate the association
of the genetic models (dominant and recessive) with the risk of
developing HAA.
The linkage disequilibrium and haplotype analyses were per-
formed using Haploview software v4.2 [29]. The haplotypes were
constructed using the Haploview 4.2 Expectation Maximization
algorithm [29], which provides highly precise estimates of popula-
tion frequencies. D0 confidence interval 0.7–0.98 was considered as
indicative of high linkage disequilibrium.
CD4+ and CD8+ T cells count, proviral load and serum cytokine
levels were submitted to the Shapiro–Wilk test for assessing the
existence of a normal distribution. The variables which were in a
normal distribution were compared using Student’s t-test. In the
absence of normal distribution comparative analyzes were per-
formed using the Mann–Whitney test. In the presence or absence
of normal distribution the correlation analyzes were performed
by Pearson’s and Spearman’s tests, respectively, with two-tailed p
and alpha < 0.05. The tests were performed using BioEstat 5.0
[30] and GraphPad Prism 5.0 [31] software; the significance level
was set to 5% (p < 0.05).Table 1
Allelic and genotypic frequencies of IL28B gene polymorphisms.
Genetic profile Control HTLV-1 v2 p
n (%) n (%)
rs8103142
TT 81 (27.0) 25 (26.3)
TC 147 (49.0) 46 (48.4)
CC 72 (24.0) 24 (25.3) 0.065 0
T 309 (51.5) 96 (50.5)
C 291 (48.5) 94 (49.5) 0.055 0
rs8099917
TT 141 (47.0) 44 (45.8)
TG 132 (44.0) 42 (43.8)
GG 27 (09.0) 10 (10.4) 0.178 0
T 414 (69.0) 130 (67.7)
G 186 (31.0) 62 (32.3) 0.113 0
rs12979860
CC 80 (26.7) 26 (26.8)
CT 150 (50.0) 48 (49.5)
TT 70 (23.3) 23 (23.7) 0.009 0
C 310 (51.7) 100 (51.6)
T 290 (48.3) 94 (48.4) 0.001 0
HTLV-1: Human T lymphotropic virus type 1. HAA: HTLV-1-associated arthropathy.3. Results
3.1. Allelic and genotypic frequencies
The allelic and genotypic frequencies of polymorphisms
rs8103142, rs12979860 and rs8099917 among (symptomatic and
asymptomatic) HTLV carriers and controls are described in Table 1.
Hardy–Weinberg analysis showed that all the populations were at
equilibrium (p > 0.05).
Analysis of polymorphism rs8103142 showed that allele T and
heterozygous genotype TC were the most frequent among the
investigated groups. Genotype TC occurred in 49% of the controls
and 48.4% of the patients, being more prevalent among asymp-
tomatic individuals (52.4%) compared to those with HAA (40.6%).
Analysis of polymorphism rs8099917 showed that homozygous
genotype TT was the most frequent in all of the groups, its fre-
quency varying from 45.3% among the asymptomatic patients to
47% in the control group. Relative to polymorphism rs12979860,
heterozygous genotype CT was the most prevalent in all of the
groups, its frequency varying from 43.8% to 52.3%. Allele C was
the most frequent, varying from 51.7% in the control group to
51.6% among the patients. This high frequency persisted in the
asymptomatic patient group (53.8%), falling to 46.9% among
patients with HAA. None of the differences in the allelic and geno-
typic frequencies was statistically significant, and none of the sug-
gested genetic models were associated with the risk of developing
HAA (Table 2).
Considerable linkage disequilibrium among SNPs rs8103142/
rs12979860 (D0: 0.934; LOD: 30.42; r2: 0.854; confidence interval
D’: 0.86–0.98), rs8103142/rs8099917 (D0: 0.918; LOD: 11.46; r2:
0.405; confidence interval D’: 0.76–0.98) and rs12979860/
rs8099917 (D0: 1.0; LOD: 16.12; r2: 0.491; confidence interval D’:
0.89–1.00) was found between HAA patients and asymptomatic
individuals (Fig. 1A). Imbalance was also found relative to SNPs
rs8103142/rs12979860 (D’: 0.934; LOD: 30.42; r2: 0.854; confi-
dence interval D0: 0.86–0.98), rs8103142/rs8099917 (D0: 0.918;
LOD: 11.46; r2: 0.405; confidence interval D0: 0.76–0.98) and
rs12979860/rs8099917 (D0: 1.0; LOD: 16.12; r2: 0.491; confidence
interval D0: 0.89–1.00) between the non-infected control group and
the HTLV-infected individuals (Fig. 1B). Analysis of asymptomatic
and HAA patients (Fig. 1A) and of non-infected controls and
HTLV-infected patients (Fig. 1B) showed significant linkage dise-
quilibrium (LOD > 2).HAA Asymptomatic v2 p
n (%) n (%)
10 (31.3) 15 (23.8)
13 (40.6) 33 (52.4)
.9681 9 (28.1) 15 (23.8) 1.209 0.5465
33 (51.6) 63 (50.0)
.8802 19 (48.4) 63 (50.0) 2.685 0.1407
15 (46.9) 29 (45.3)
14 (43.7) 28 (43.8)
.9146 3 (09.4) 7 (10.9) 0.061 0.9698
44 (68.7) 86 (67.2)
.8053 20 (31.3) 42 (32.8) 0.048 0.9565
8 (25.0) 18 (27.7)
14 (43.8) 34 (52.3)
.9956 10 (31.2) 13 (20.0) 1.520 0.4677
30 (46.9) 70 (53.8)
.9573 34 (53.1) 60 (46.2) 0.834 0.4468
Table 2
Genetic models and the risk of developing HAA in HTLV-patients.
Genetic model SNP Genotype Frequencies OR 95% CI p valuea
Asymptomatic HAA
n (%) n (%)
rs8103142
Dominant TT 15 (23.8) 10 (31.3) 1
TC + CC 48 (76.2) 22 (68.7) 0.6875 0.27–1.77 0.4376
Recessive TT + TC 48 (76.2) 23 (71.9) 1
CC 15 (23.8) 09 (28.1) 1.2522 0.48–3.28 0.6476
rs8099917
Dominant TT 29 (45.3) 15 (46.9) 1
TG + GG 35 (54.7) 17 (53.1) 0.9390 0.40–2.20 0.8848
Recessive TT + TG 57 (89.1) 29 (90.6) 1
GG 07 (10.9) 03 (09.4) 0.8424 0.20–3.50 0.8134
rs12979860
Dominant CC 18 (27.7) 08 (25.0) 1
CT + TT 47 (72.3) 24 (75.0) 1.1489 0.44–3.02 0.7784
Recessive CC + CT 52 (80.0) 22 (68.7) 1
TT 13 (20.0) 10 (31.3) 1.8182 0.69–4.76 0.2239
HAA: HTLV-1-associated arthropathy.
a Simple logistic regression.
Fig. 1. Pairwise linkage disequilibrium (LD) of the analyzed IL28B gene polymor-
phisms. HAA  Asymptomatics (A) and HTL-positive group  Control group (B). r2
values are presented as percentages. ⁄p < 0.05.
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Haplotypes 1 (TCT), 2 (CTG), 3 (CTT), 4 (CCT), 5 (TCG) and 6 (TTT)
occurred in both controls and HTLV-infected individuals (Table 3),
whereas haplotype 7 (TTG) was found only among HTLV-infected
patients (p = 0.0119), specifically in the subgroup with HAA
(p = 0.0510). Haplotype 4 (CCT) was more frequent among HTLV-
infected individuals compared to the controls (p = 0.0138).3.2. CD4+ and CD8+ T cell count and proviral load
Comparative analysis of the CD4+ T cell count between HAA
patients and the asymptomatic individuals did not reveal any sig-
nificant differences (Fig. 2A), as was the case relative to polymor-
phisms rs8103142, rs8099917 and rs12979860 (data not shown).
No difference was found in the CD8+ T cell count between
patients with HAA and the asymptomatic patients (Fig. 2B).
Nevertheless, when the presence of polymorphism rs8099917
was considered (Fig. 3J), the CD8+ T cell count was higher among
patients with both HAA and genotype TT compared to the asymp-
tomatic patients (p < 0.05). Polymorphisms rs8103142 andrs12979860 were not associated with significant differences (data
not shown).
The proviral load for asymptomatic patients and HAA patients is
depicted in Fig. 2C. No significant difference was found in proviral
load, regardless of the presence of polymorphisms rs8103142 and
rs12979860 (data not shown). However, when the presence of
polymorphism rs8099917 was considered (Fig. 3K), a difference
was found between patients with genotypes TT or TG/GG in the
HAA group (p < 0.05) as well as between the groups of asymp-
tomatic and symptomatic individuals with genotype TT (p < 0.05).3.3. Serum cytokine concentrations
The concentration of TNF-a did not significantly differ between
asymptomatic individuals and HAA patients (Fig. 2D), regardless of
whether the presence of polymorphisms rs8099917, rs8103142
and rs12979860 was considered (data not shown).
The concentration of TNF-b did not significantly differ between
patients with HAA and asymptomatic patients (Fig. 2E), whether
the presence polymorphism rs8099917 was considered (data not
shown). However, when the presence of polymorphism
rs8103142 was considered, the TNF-b levels were higher in
patients with both HAA and genotype TT compared to those with
genotype TC/CC (Fig. 3F; p < 0.05). Considering the presence of
polymorphism rs12979860 (Fig. 3A), the TNF-b levels were higher
in symptomatic patients with genotype CC compared to those with
genotype CT/TT (p < 0.05). No difference was found in this regard in
the group of asymptomatic patients.
IFN-c concentrations were not significantly different between
symptomatic and asymptomatic patients (Fig. 2F), nor were they
different when the presence of polymorphism rs8099917 was con-
sidered (data not shown). However, when the presence of poly-
morphism rs8103142 was taken into account (Fig. 3G), IFN-c
levels were significantly higher among patients with both HAA
and genotype TT (p < 0.05) compared to those with genotype TC/
CC. IFN-c levels were also higher among the symptomatic patients
compared to the asymptomatic patients when carriers of genotype
TT were considered (p < 0.05).
Regarding polymorphism rs12979860 (Fig. 3B), IFN-c levels
were higher among symptomatic patients compared with asymp-
tomatic patients carrying genotype CC (p < 0.05). IFN-c levels were
also higher among patients with both HAA and genotype CC com-
pared to patients with genotype CT/TT (p < 0.05).
Table 3
Frequencies of IL-28B haplotypes among HTLV and control groups.
Haplotypes Control frequencies HTLV-1 frequencies p value Asymptomatic frequencies HAA frequencies p value
#1 (TCT) 0.509 0.483 0.5338 0.492 0.468 0.7638
#2 (CTG) 0.306 0.313 0.8530 0.330 0.281 0.4898
#3 (CTT) 0.176 0.165 0.7497 0.145 0.203 0.3101
#4 (CCT) 0.003 0.021 0.0138 0.033 0.000 0.1488
#5 (TCG) 0.004 0.001 0.4782 0.000 0.001 –
#6 (TTT) 0.002 0.005 0.3837 0.000 0.016 0.1669
#7 (TTG) 0.000 0.011 0.0119 0.000 0.031 0.0510
Notes: The distribution of the seven haplotypes in haplotype block 1. The order is rs8103142, rs12979860, rs8099917. (–) Numerical values do not allow statistical tests to be
performed. HTLV-1: Human T lymphotropic virus type 1. HAA: HTLV-1-associated arthropathy.
Fig. 2. Immune profile of HTLV-infected patients with or without HAA. (A – I) Bar graphs representing the mean and standard deviation of CD4+ (A) and CD8+ (B) T cells count,
proviral load (C) and the concentration of cytokines TNF-a (D), TNF-b (E), IFN-c (F), IL-6 (G), IL-8 (H) and IL-10 (I) in HAA patients or asymptomatic patients. (J – N) Bar graph
representing the mean and standard deviation of the following ratios between serum cytokines: TNF-a/IL-10 (J), TNF-b/IL-10 (K), IFN-c/IL10 (l), IL-6/IL-10 (M) and IL-8/IL-10
(N). ⁄p < 0.05.
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tomatic patients and patients with HAA (Fig. 2H), whether the
presence of polymorphisms rs8099917 and rs8103142 was consid-
ered (data not shown). However, when polymorphism rs12979860
(Fig. 3D) was considered, the IL-8 levels were lower among symp-
tomatic patients with genotype CC compared to patients with
genotype CT/TT (p < 0.05) and asymptomatic patients (p < 0.05).
IL-6 levels were lower among patients with HAA (p < 0.05;
Fig. 2G). When the presence of polymorphism rs8103142 was con-
sidered, IL-6 levels were higher among asymptomatic patients
with genotypes TC and CC compared to those with genotype TT
(Fig. 3H; p < 0.05). As for polymorphism rs12979860, IL-6 levels
were higher among asymptomatic patients with genotypes CT
and TT (Fig. 3C) compared to patients with HAA (p < 0.05). Similar
results were obtained by performing intragroup analyses compar-
ing asymptomatic patients with genotype CC (p < 0.05).The levels of IL-10 were higher among patients with HAA com-
pared to asymptomatic individuals (Fig. 2I; p < 0.05). When the
presence of polymorphism rs8099917 was considered (Fig. 3M),
IL-10 levels were higher among symptomatic patients with geno-
types TG and GG (p < 0.05) compared to asymptomatic patients.
When considering polymorphisms rs8103142 (Fig. 3I; p < 0.05)
and rs12979860 (Fig. 3E; p < 0.05), IL-10 levels were higher among
patients with both HAA and genotypes TC or CC and CT or TT,
respectively, compared to asymptomatic patients. Similar results
were found among HAA patients with polymorphism rs8103142
genotypes TC and CC (p < 0.05).
3.4. Cytokine balance comparison
A comparison of the serum cytokine balance between HAA
patients and asymptomatic individuals (Fig. 2J–N) revealed signif-
Fig. 3. Association of IL28B gene polymorphisms and HAA. (A – E) Bar graphs representing the mean and standard deviation of the concentration of cytokines TNF-b (A), IFN-c
(B), IL-6 (C), IL-8 (D) and IL-10 (E) per rs12979860 polymorphism genotype. (F – I) Bar graphs representing the mean and standard deviation of the concentration of cytokines
TNF-b (F), IFN-c (G), IL-6 (H) and IL-10 (I) per rs8103142 polymorphism genotype. (J – M) Bar graphs representing the mean and standard deviation of CD8+ (J) T cell count,
proviral load (K) and the concentration of cytokines IL-6 (L) and IL-10 (I) per rs8099917 polymorphism genotype. ⁄p < 0.05.
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(Fig. 2K; p < 0.05) and IFN-c/IL-10 ratios (Fig. 2L; p < 0.05), with
lower values observed in symptomatic patients. The IL-6/IL-10
(Fig. 2M) and IL-8/IL-10 ratios (Fig. 2N) did not exhibit significant
differences.3.5. Correlation of CD4+/CD8+ T cell count and proviral load with
cytokine concentrations
Correlation analyses revealed significant differences between
TNF-a levels and CD4+ (Fig. 4A; p = 0.0212; r = 0.3995) and CD8+
T cell counts (Fig. 4B; p = 0.0484; r = 0.3461). Similar results were
obtained with respect to the correlation between IFN-c levels
(Fig. 4C; p = 0.0549; r = 0.3322) and proviral load among asymp-
tomatic patients. Analyzing the correlation of cytokines TNF-b,
IL-6, IL-8 and IL-10 with proviral load and CD4+ and CD8+ T cell
count between asymptomatic and HAA patients did not reveal
any significant differences (data not shown).4. Discussion
Few studies have sought to explain the development of HAA.
Yakova et al. (2005) found that the HTLV proviral load was higherin a group of 12 patients with rheumatoid arthritis compared with
asymptomatic infected controls and similar to that exhibited by
patients with HAM/TSP. These findings indicate that just as in
HAM/TSP, viral replication also plays a relevant role in the develop-
ment of HAA [32]. Our results disagree with those of Yakova et al.
(2005), as the proviral load in the peripheral blood of the 32 indi-
viduals with HAA was similar to that detected in asymptomatic
patients. Our results thus suggest that the mechanism underlying
HAA might differ from the one attributed to HAM/TSP. Our results
also did not demonstrate any difference in CD4+ and CD8+ T cell
counts between symptomatic and asymptomatic patients, which
suggests that the number of these cells is not a limiting factor for
the development of HAA.
One explanation put forward to account for the development of
HAA asserts that HTLV displays tropism for synovial cells [13],
which, once infected, are stimulated to proliferate by viral protein
Tax [14]. The Tax protein might further activate transcription fac-
tors such as Nf-jB, consequently stimulating the production of
several proinflammatory cytokines, including TNF-a, IFN-c, IL-6
and TNF-b [14,33,34], resulting in cartilage destruction and joint
erosion. Our results did not indicate any significant difference in
serum TNF-a, TNF-b, IFN-c and IL-8 concentrations between
patients with HAA and asymptomatic individuals. However, IL-10
levels were higher and IL-6 levels were lower among the former
Fig. 4. Dispersion of the individual cytokine values versus CD4+ (A) and CD8+ (B) T cells count and proviral load (C); the p and r (Pearson) values and the trend line are
represented in the graph. ⁄p < 0.05.
K.S.G. de Sá et al. / Cytokine 77 (2016) 79–87 85compared with the latter, which might be related to the use of
antirheumatic drugs, since it has been reported that these drugs
decrease IL-6 dosages [35], but without effect on the dosages of
IL-10 [36,37]. Furthermore, we measured the serum levels of both
cytokines, which might differ from their synovial concentrations,
which characterize local inflammatory reactions. These results
are consistent with previous report that described high levels of
IL-10 among patients with arthritis [37].
Such high IL-10 and low IL-6 levels in the peripheral blood
might be indicative of good prognosis, as high IL-6 expression
has been associated with the occurrence of HAA [38], the reason
being that IL-6 is associated with the stimulation of bone resorp-
tion [39]. However, high IL-10 levels were also found in patients
with ATLL [40], which might be because the viral Tax protein is
able to stimulate IL-10 production [41]. Depending on the activa-
tion status of CD8+ T cells, IL-10 might stimulate their proliferation
[42] and even increase their intracellular expression of the Th1
cytokine profile [43]. When such cytokines are secreted in the syn-
ovia, they might play a role in the development of joint disease;
this hypothesis still requires further confirmatory studies.
The balance between proinflammatory and regulatory cytoki-
nes affords a better demonstration of the mechanisms involved
in the immune response of patients. In the present study, the aver-
age TNF-a/IL-10, TNF-b/IL-10 and IFN-c/IL-10 ratios were lower
among HAA patients compared with asymptomatic patients, which
might be related to the use of antirheumatic drugs, as mentioned
above.
Correlation analysis showed that in the group of asymptomatic
patients, TNF-a levels increased in parallel with the number of
CD4+ and CD8+ T cells. Similarly, a positive correlation was also
found between INF-c levels and the proviral load, as described pre-
viously [44]. However, no such correlations were detected relative
to patients with HAA, indicating that these phenomena are not
required for HAA to occur. That same lack of correlation was also
found by other authors relative to HAM/TSP [44,45].
IL-28 exhibits antiviral and immunomodulatory activity; it is
secreted by macrophages and plasmacytoid dendritic cells – pDCs
[23–25,46,47] and has been shown to increase the number of
CD8+ T cells in the peripheral blood of mice and monkeys and to
reduce the number of regulatory T cells in mice [26,48].
Studies have shown that polymorphisms of the IL28 gene are
associated with the progression of HTLV-1 infection [49] and that
these polymorphisms play an important role in the development
and control of HAM/TSP pathogenesis [50,51]. In the present study,
the allelic and genotypic frequencies of the investigated polymor-
phisms and the analyzed genetic models suggest that these poly-
morphisms by themselves do not determine the susceptibility to
infection and the development of HAA. Our results further indicate
that the number of CD4+ T cells in the peripheral blood is not asso-
ciated with the genetic variability observed in the IL28 gene.Analyzing polymorphism rs8099917 revealed that the proviral
load and CD8+ T cell count were higher in patients with HAA and
genotype TT compared with asymptomatic patients. These findings
suggest that genotype TT is associated with poor prognosis of HAA,
as the increase in the number of CD8+ T cells was associated with
greater proviral load; these phenomena might make such patients
a high-risk group for HAM/TSP. Studies have shown that genotype
TT is associated with lower IL-28 expression, with consequently
lower stimulation of the interferon stimulated genes – ISGs
[52,53]. However, in patients treated with IFN-a, genotype TT is
associated with increased stimulation of ISGs, resulting in better
responses to treatment [54], which makes it protective against
infection with the hepatitis C virus – HCV [55–58]. Patients with
HAA are often treated with antirheumatic drugs that suppress
the immune system, which in fact might be a determinant for
the progression of infection in patients with genotype TT and
low ISG expression.
SNP rs8099917 allele G has been associated with high ISG
expression [53], which accounts for the high IL-6 levels found
among the asymptomatic patients. Nevertheless, this cytokine pro-
file might make these patients a high-risk group for HAA [40].
Recently, it was demonstrated the genotype GG (rs8099917) asso-
ciated with HAM/TSP [51].
Patients with HAA and the wild-type genotype (CC) of polymor-
phism rs12979860 exhibited high TNF-b and IFN-c production,
which might increase the synovial expression of major histocom-
patibility complex (MHC) molecules and thus contribute to the
pathogenesis of infection [14,59] in addition to stimulating bone
resorption and inhibiting the synthesis of collagen [60]. Polymor-
phism rs12979860 was also associated with reduced IL-8 levels
in the peripheral blood, which may be a protective factor against
the development of HAA, as IL-8 is related to the development of
rheumatoid arthritis [61].
Patients with HAA and genotype CT/TT (rs12979860) exhibited
reduced TNF-b and IFN-c production, which might be related to
the possible suppression of ISG expression [55]. Several authors
characterized genotype CC as having a good immune response
[62] and genotype CT/TT as having a suppressed immune response
[62–64], which might account for the results of the present study.
However, such good immune responses are associated with the
increased production of proinflammatory cytokines, which is coun-
terbalanced by the aforementioned reduction in IL-8 levels. As a
result, this polymorphismmight be associated with poor prognosis
in the development of HAA. The differences in IL-6 and IL-10 levels
might be explained by the large linkage imbalance between poly-
morphisms rs8099917 and rs12979860 [65,66]. As such, the differ-
ence is attributed to polymorphism s12979860 and the use of
antirheumatic drugs by those patients. Our results agree with San-
abani et al. (2012), showing a lack of correlation between the
rs12979860 polymorphism and HTLV-1 proviral load [67].
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cell count, proviral load, and TNF-a and IL-8 levels suggests that
this polymorphism has no relationship with these markers. Never-
theless, patients with HAA and the wild-type genotype (TT) of SNP
rs8103142 exhibited higher TNF-b and IFN-c levels, which might
be an aggravating factor for the development of the disease. High
TNF-b levels have been shown to stimulate the bone resorption
and inhibit collagen synthesis in vitro [60], while IFN-c stimulates
the expression of MHCmolecules, leading to increased antigen pre-
sentation in the synovial membrane [14,59]. These differences,
however, might be related to the large linkage imbalance between
polymorphisms rs8103142 and rs12979860 [65]. Those patients
with HAA and genotypes TC and TT exhibited higher IL-10 levels
compared with asymptomatic individuals, which might have a
protective effect by regulating the high TNF-b and IFN-c levels of
the wild-type genotype. Nevertheless, asymptomatic individuals
with the same genotype exhibited higher IL-6 levels.
Analysis of the set of haplotypes constituted by the investigated
polymorphisms showed that haplotype CTT might be associated
with susceptibility to HTLV infection. Studies have suggested that
polymorphism rs8103142 might induce a less effective, albeit
more sustained, antiviral response [66]. In addition, alleles C
(rs12979860) and T (rs8099917) have been associated with good
immune responses [56,67,68] and reduced Il-28 and ISG expres-
sion [52,53], respectively. In combination, these characteristics
might influence the susceptibility to HTLV infection and the high
frequency of this haplotype among asymptomatic patients.
Haplotype TTG might be associated with the progression to
HAA, as alleles T (rs12979860) and G (rs8099917) are related to
aberrant induction of immune system pathways [62] and increased
ISG expression [53], respectively, which combined might influence
the progression of infection.
5. Conclusion
We conclude that the IL28B gene and its polymorphisms might
play an important role in the development of HAA and influence
the progression of disease. The reason is that genotype TT
(rs8099917) seems to behave as a risk factor for having high cyto-
toxic T cell counts and proviral load levels, while the presence of
genotypes TT (rs8103142) and CC (rs12979860) seems to be an
aggravating factor that is associated with elevated serum TNF-b
and IFN-c levels. In contrast, genotypes TC and CC of polymor-
phism rs8103142 most likely behave as protective factors, as they
are associated with high IL-10 levels. In addition, the results sug-
gest that haplotype CCT is associated with susceptibility to HLTV
infection and haplotype TTG with progression to HAA.
Conflict of interest
The authors declare no conflict of interest.
Author contributions
ACRV led the study design, data analysis and writing. KSGS per-
formed all molecular analysis and writing. BBS and TCSF con-
tributed substantially to the data analysis and writing. RCMS and
CAMC examined the patients. VNA and RNMF assisted with cyto-
kine analysis. LFAM, MOGI and RI assisted with study design and
writing.
Acknowledgements
We thank all of the subjects who participated in the present
study. This research was supported by Grants from the ConselhoNacional de Desenvolvimento Científico e Tecnológico – CNPq
(no. 302582/2013-4), the Fundação Amazônia Paraense de Amparo
à Pesquisa – FAPESPA (ICAAF 156/2014), and the Universidade
Federal do Pará/Pró-Reitoria de Pesquisa e Pós-Graduação/
Fundação de Amparo e Desenvolvimento da Pesquisa – UFPA/
PROPESP/FADESP.References
[1] Van Regenmortel MHV, Fauquet CM, Bishop DHL, Carstens EB, Estes MK,
Lemon SM, et al. Virus Taxonomy. 9th Report of the International Committee
on Taxonomy of Viruses. San Diego; 2011.
[2] J.D. Rosenblatt, D.W. Golde, W. Wachsman, J.V. Giorgi, A. Jacobs, G.M. Schmidt,
et al., A second isolate of HTLV-II associated with atypical hairy-cell leukemia,
New Engl. J. Med. 315 (1986) 372–377.
[3] B.J. Poiesz, F.W. Ruscetti, A.F. Gazdar, P.A. Bunn, J.D. Minna, R.C. Gallo,
Detection and isolation of Type C retrovirus particles from fresh and cultured
lymphocytes of a patient with cutaneous T-Cell Lymphoma, Proc. Natl. Acad.
Sci. USA 77 (1980) 415–7419.
[4] M. Yoshida, I. Miyoshi, Y. Hinuma, Isolation and characterization of retrovirus
from cell lines of human adult T-cell leukemia and its implication in the
disease, Proc. Natl. Acad. Sci. USA 79 (1982) 2031–2035.
[5] W.W. Hall, R. Ishak, S.W. Zhu, P. Novoa, N. Eiraku, H. Takahashi, et al., Human T
lymphotropic virus type II (HTLV-II): epidemiology, molecular properties, and
clinical features of infection, J. Acquir. Immune Defic. Syndr. Hum. Retrovirol.
13 (1996) S204–S214.
[6] F.A. Proietti, A.B.F. Carneiro-Proietti, B.C. Catalan-Soares, E.L. Murphy, Global
epidemiology of HTLV-I infection and associated diseases, Oncogene 24 (2005)
6058–6068.
[7] T. Uchiyama, J. Yodoi, K. Sagawa, K. Takatsuki, H. Uchino, Adult T-cell
leukemia: clinical and hematologic features of 16 cases, Blood 50 (1977)
481–492.
[8] J.G.R. Ribas, G.C.N. Melo, Human T-cell lymphotropic virus type 1(HTLV-1)-
associated myelopathy, Rev. Soc. Bras. Med. Trop. 35 (2002) 377–384.
[9] K. Sato, I. Maruyama, Y. Maruyama, I. Kitajima, Y. Nakajima, M. Higaki, et al.,
Arthritis in patients infected with human T lymphotropic virus type I. Clinical
and immunopathologic features, Arthritis Rheum. 34 (1991) 714–721.
[10] A. Hida, M. Imaizumi, N. Sera, M. Akahoshi, M. Soda, R. Maeda, et al.,
Association of human T lymphotropic virus type I with Sjogren syndrome, Ann.
Rheum. Dis. 69 (2010) 2056–2057.
[11] A. Shirdel, K. Hashemzadeh, M. Sahebari, H. Rafatpanah, M. Hatef, Z.
Rezaieyazdi, et al., Is there any association between human lymphotropic
virus Type I (HTLV-I) infection and systemic lupus erythematosus? An original
research and literature review, Iran J. Basic Med. Sci. 16 (2013) 252–257.
[12] B.A. Cruz, B. Catalan-soares, F. Proietti, Rheumatic manifestations associated
with the human T-cell lymphotropic virus Type I (HTLV-I), Rev. Bras. Reum. 45
(2005) 71–77.
[13] W. Yin, T. Hasunuma, T. Kobata, T. Sumida, K. Nishioka, Synovial hyperplasia in
HTLV-I associated arthropathy is induced by tumor necrosis factor-alpha
produced by HTLV-I infected CD68+ cells, J. Rheumatol. 27 (2000) 874–881.
[14] H. Aono, K. Fujisawa, T. Hasunuma, S.J. Marriott, K. Nishioka, Extracellular
human T cell leukemia virus type 1 TAX protein stimulates the proliferation of
human synovial cells, Arthritis Rheum. 41 (1998) 1995–2003.
[15] J.H. Richardson, A.J. Edwards, J.K. Cruickshank, P. Rudge, A.G. Dalgleish, In vivo
cellular tropism of human T-cell leukemia virus type 1, J. Virol. 64 (1990)
5682–5687.
[16] M. Nagai, Y. Yamano, M.B. Brennan, C.A. Mora, S. Jacobson, Increased HTLV-I
proviral load and preferential expansion of HTLV-I Tax-specific CD8+ T cells in
cerebrospinal fluid from patients with HAM/TSP, Ann. Neurol. 50 (2001) 807–
812.
[17] K.S. Jones, C. Petrow-Sadowski, Y.K. Huang, D.C. Bertolette, F.W. Ruscetti, Cell-
free HTLV-1 infects dendritic cells leading to transmission and transformation
of CD4(+) T cells, Nat. Med. 14 (2008) 429–436.
[18] E. Méndez, T. Kawanishi, K. Clemens, H. Siomi, S.S. Soldan, P. Calabresi, et al.,
Astrocyte-specific expression of human T-cell lymphotropic virus type 1
(HTLV-1) Tax : induction of tumor necrosis factor alpha and susceptibility to
lysis by CD8 + HTLV-1-specific cytotoxic T Cells, J. Virol. 71 (1997) 9143.
[19] C.R. Bangham, The immune response to HTLV-I, Curr. Opin. Immunol. 12
(2000) 397–402.
[20] C.R.M. Bangham, M. Osame, Cellular immune response to HTLV-1, Oncogene
24 (2005) 6035–6046.
[21] D.W. Ballard, E. Böhnlein, J.W. Lowenthal, Y. Wano, B.R. Franza, W.C. Greene,
HTLV-I tax induces cellular proteins that activate the kappa B element in the
IL-2 receptor alpha gene, Science 241 (1988) 1652–1655.
[22] K. Barmak, E.W. Harhaj, B. Wigdahl, Mediators of central nervous system
damage during the progression of human T-cell leukemia type I-associated
myelopathy/tropical spastic paraparesis, J. Neurovirol. 9 (2003) 522–529.
[23] A. Meager, K. Visvalingam, P. Dilger, D. Bryan, M. Wadhwa, Biological activity
of interleukins-28 and -29: comparison with type I interferons, Cytokine 31
(2005) 109–118.
[24] M.D. Robek, B.S. Boyd, F.V. Chisari, Lambda interferon inhibits hepatitis B and C
virus replication, J. Virol. 79 (2005) 3851–3854.
K.S.G. de Sá et al. / Cytokine 77 (2016) 79–87 87[25] N. Ank, H. West, C. Bartholdy, K. Eriksson, A.R. Thomsen, S.R. Paludan, Lambda
interferon (IFN-lambda), a type III IFN, is induced by viruses and IFNs and
displays potent antiviral activity against select virus infections in vivo, J. Virol.
80 (2006) 4501–4509.
[26] M.P. Morrow, J. Yan, P. Pankhong, D.J. Shedlock, M.G. Lewis, K. Talbott, et al., IL-
28B/IFN-lambda 3 drives granzyme B loading and significantly increases CTL
killing activity in macaques, Mol. Ther. 18 (2010) 1714–1723.
[27] A.C.R. Vallinoto, M.O.G. Ishak, V.N. Azevedo, A.C.P. Vicente, K. Otsuki, W.W.
Hall, et al., Molecular epidemiology of human T-lymphotropic virus type II
infection in Amerindian and urban populations of the Amazon region of Brazil,
Hum. Biol. Int. Rec. Res. 74 (2002) 633–644.
[28] B.P. Tamegão-lopes, P.R. Rezende, L.M.C. Marade-Pereira, J.A.R. Lemos, HTLV-1
and HTLV-2 proviral load: a simple method using quantitative real-time PCR,
Rev. Soc. Bras. Med. Trop. 39 (2006) 548–552.
[29] Barret JC, Fry B, Maller J, Daly MJ: Haploview: analysis and visualizations of LD
and haplotype maps. 2005.
[30] M. Ayres, J.R.M. Ayres, D.L. Ayres, A.S. Santos. BioEstat 5.0: Aplicações
estatísticas nas áreas das ciências biológicas e medicas. 2008.
[31] GraphPad Software I: Prism (data analysis software system), version 5.
Software e Guia do Usuário. 2007.
[32] M. Yakova, A. Lézin, F. Dantin, G. Lagathu, S. Olindo, G. Jean-Baptiste, et al.,
Increased proviral load in HTLV-1-infected patients with rheumatoid arthritis
or connective tissue disease, Retrovirology 2 (2005) 4.
[33] K. Eguchi, T. Nakamura, M. Mine, H. Ida, A. Kawakami, K. Migita, et al., HTLV-I
associated arthritis: characteristics of an HTLV-I virus infected T cell line from
synovial fluid, Ann. Rheum. Dis. 51 (1992) 673–677.
[34] T. Nakajima, K. Kitamura, N. Yamashita, T. Sakane, Y. Mizushima, G.
Delespesse, et al., Constitutive Expression and producion of tumor necrosis
factor-B in T-cell lines infected with HTLV-1 and HTLV-2, Biochem. Biophys.
Res. Commun. 191 (1993) 371–377.
[35] R.H. Straub, U. Muller-Ladner, J. Schölmerich, H. Menninger, B. Lang, Decrease
of interleukin 6 during the first 12 months is a prognostic marker for clinical
outcome during 36 months treatment with disease-modifying anti-rheumatic
drugs, Br. J. Rheumatol. 36 (1997) 1298–1303.
[36] C.K. Lee, E.Y. Lee, S.M. Chung, S.H. Mun, B. Yoo, H.B. Moon, Effects of disease-
modifying antirheumatic drugs and antiinflammatory cytokines on human
osteoclastogenesis through interaction with receptor activator of nuclear
factor kappaB, osteoprotegerin, and receptor activator of nuclear factor kappaB
ligand, Arthritis Rheum. 50 (2004) 3831–3843.
[37] J.J. Cush, J.B. Splawski, R. Thomas, J.E. McFarlin, H. Schulze-Koops, L.S. Davis,
et al., Elevated interleukin-10 levels in patients with rheumatoid arthritis,
Arthritis Rheum. 38 (1995) 96–104.
[38] N. Mori, F. Shirakawa, M. Abe, Y. Kamo, Y. Koyama, S. Murakami, et al., Human
T-cell leukemia virus type I tax transactivates the interleukin-6 gene in human
rheumatoid synovial cells, J. Rheumatol. 22 (1995) 2049–2054.
[39] B. Le Goff, F. Blanchard, J.-M. Berthelot, D. Heymann, Y. Maugars, Role for
interleukin-6 in structural joint damage and systemic bone loss in rheumatoid
arthritis, Joint Bone Spine. 77 (2010) 201–205.
[40] N. Mori, D. Prager, Interleukin-10 gene expression and adult T-cell leukemia,
Leuk. Lymphoma 29 (1998) 239–248.
[41] N. Takatsuka, A. Hasegawa, A. Takamori, Y. Shimizu, H. Kato, T. Ohashi, et al.,
Induction of IL-10- and IFN-gamma-producing T-cell responses by
autoreactive T-cells expressing human T-cell leukemia virus type I Tax, Int.
Immunol. 21 (2009) 1089–1100.
[42] H. Groux, M. Bigler, J.E. de Vries, M.G. Roncarolo, Inhibitory and stimulatory
effects of IL-10 on human CD8+ T cells, J. Immunol. 160 (1998) 3188–3193.
[43] A.D. Santin, P.L. Hermonat, A. Ravaggi, S. Bellone, S. Pecorelli, J.J. Roman, et al.,
Interleukin-10 increases Th1 cytokine production and cytotoxic potential in
human papillomavirus-specific CD8(+) cytotoxic T lymphocytes, J. Virol. 74
(2000) 4729–4737.
[44] A.L.B. Starling, O.A. Martins-Filho, J.R. Lambertucci, L. Labanca, S.R. de Souza
Pereira, A. Teixeira-Carvalho, et al., Proviral load and the balance of serum
cytokines in HTLV-1-asymptomatic infection and in HTLV-1-associated
myelopathy/tropical spastic paraparesis (HAM/TSP), Acta Trop. 125 (2013)
75–81.
[45] P.K.C. Goon, T. Igakura, E. Hanon, A.J. Mosley, B. Asquith, K.G. Gould, et al., High
circulating frequencies of tumor necrosis factor alpha- and interleukin-2-
secreting human T-lymphotropic virus Type 1 (HTLV-1)-specific CD4+ T cells
in patients with HTLV-1-associated neurological disease, J. Virol. 77 (2003)
9716–9722.
[46] E.M. Coccia, M. Severa, E. Giacomini, D. Monneron, M.E. Remoli, I. Julkunen,
et al., Viral infection and Toll-like receptor agonists induce a differential
expression of type I and lambda interferons in human plasmacytoid and
monocyte-derived dendritic cells, Eur. J. Immunol. 34 (2004) 796–805.
[47] G. Gallagher, N.J. Megjugorac, R.Y. Yu, J. Eskdale, G.E. Gallagher, R. Siegel, et al.,
The lambda interferons: guardians of the immune-epithelial interface and the
T-helper 2 response, J. Interferon Cytokine Res. 30 (2010) 603–615.[48] M.P. Morrow, P. Pankhong, D.J. Laddy, K.A. Schoenly, J. Yan, N. Cisper, et al.,
Comparative ability of IL-12 and IL-28B to regulate Treg populations and
enhance adaptive cellular immunity, Blood 113 (2009) 5868–5877.
[49] S. Kamihira, T. Usui, T. Ichikawa, N. Uno, Y. Morinaga, S. Mori, et al., Paradoxical
expression of IL-28B mRNA in peripheral blood in human T-cell leukemia virus
type-1mono-infection and co-infection with hepatitis C virus, Virol. J. 9 (2012) 40.
[50] A. Treviño, M. Lopez, E. Vispo, A. Aguilera, J.M. Ramos, R. Benito, et al.,
Development of tropical spastic paraparesis in human T-lymphotropic virus
type 1 carriers is influenced by interleukin 28B gene polymorphisms, Clin.
Infect. Dis. 55 (2012) e1–e4.
[51] T. Assone, F.V. Souza, K.O. Gaester, L.A.M. Fonseca, O.C. Luiz, F. Malta, et al.,
IL28B gene polymorphism SNP rs8099917 genotype GG is associated with
HTLV-1-associatade myelophaty/Tropical spastic paraparesis (HAM/TSP) in
HTLV-1 carriers, PLoS Negl Trop Dis. 8 (2014) e3199, http://dx.doi.org/
10.1371/journal.pntd.0003199.
[52] H. Abe, C.N. Hayes, H. Ochi, T. Maekawa, M. Tsuge, D. Miki, et al., IL28 variation
affects expression of interferon stimulated genes and peg-interferon and
ribavirin therapy, J. Hepatol. 54 (2011) 1094–1101.
[53] K. Onomoto, S. Morimoto, T. Kawaguchi, H. Toyoda, M. Tanaka, M. Kuroda,
et al., Dysregulation of IFN system can lead to poor response to pegylated
interferon and ribavirin therapy in chronic hepatitis C, PLoS ONE 6 (2011)
e19799.
[54] G. Ahlenstiel, D.R. Booth, J. George, IL28B in hepatitis C virus infection:
translating pharmacogenomics into clinical practice, J. Gastroenterol. 45
(2010) 903–910.
[55] S. Ren, J. Lu, X. Du, Y. Huang, L. Ma, H. Huo, et al., Genetic variation in IL28B is
associated with the development of hepatitis B-related hepatocellular
carcinoma, Cancer Immunol. Immunother. 61 (2012) 1433–1439.
[56] V. Di Marco, F. Bronte, V. Calvaruso, M. Capra, Z. Borsellino, A. Maggio, et al.,
IL28B polymorphisms influence stage of fibrosis and spontaneous or
interferon-induced viral clearance in thalassemia patients with hepatitis C
virus infection, Haematologica 97 (2012) 679–686.
[57] C.-S. Hsu, S.-J. Hsu, H.-C. Chen, T.-C. Tseng, C.-H. Liu, W.-F. Niu, et al.,
Association of IL28B gene variations with mathematical modeling of viral
kinetics in chronic hepatitis C patients with IFN plus ribavirin therapy, Proc.
Natl. Acad. Sci. USA 108 (2011) 3719–3724.
[58] T. Miyamura, T. Kanda, M. Nakamura, X. Jiang, S. Wu, S. Nakamoto, et al., IL-
28B polymorphisms and treatment response in hepatitis C virus patients with
persistently normal alanine aminotransferase, World J. Hepatol. 5 (2013) 635–
641.
[59] Y. Iwakura, S. Saijo, Y. Kioka, J. Nakayama-Yamada, K. Itagaki, M. Tosu, et al.,
Autoimmunity induction by human T cell leukemia virus type 1 in transgenic
mice that develop chronic inflammatory arthropathy resembling rheumatoid
arthritis in humans, J. Immunol. 155 (1995) 1588–1598.
[60] D.R. Bertolini, G.E. Nedwin, T.S. Bringman, D.D. Smith, G.R. Mundy, Stimulation
of bone resorption and inhibition of bone formation in vitro by human tumour
necrosis factors, Nature 319 (1986) 516–518.
[61] P. Proost, S. Struyf, T. Loos, M. Gouwy, E. Schutyser, R. Conings, et al.,
Coexpression and interaction of CXCL10 and CD26 in mesenchymal cells by
synergising inflammatory cytokines: CXCL8 and CXCL10 are discriminative
markers for autoimmune arthropathies, Arthritis Res. Ther. 8 (2006) R107.
[62] S. Naggie, A. Osinusi, A. Katsounas, R. Lempicki, E. Herrmann, A.J. Thompson,
et al., Dysregulation of innate immunity in hepatitis C virus genotype 1 IL28B-
unfavorable genotype patients: impaired viral kinetics and therapeutic
response, Hepatology 56 (2012) 444–454.
[63] N.I. Rallón, V. Soriano, S. Naggie, C. Restrepo, J. McHutchison, E. Vispo, et al.,
Impact of IL28B gene polymorphisms on interferon-k3 plasma levels during
pegylated interferon-a/ribavirin therapy for chronic hepatitis C in patients
coinfected with HIV, J. Antimicrob. Chemother. 67 (2012) 1246–1249.
[64] S. Gaudieri, M. Lucas, A. Lucas, E. McKinnon, H. Albloushi, A. Rauch, et al.,
Genetic variations in IL28B and allergic disease in children, PLoS ONE 7 (2012)
e30607.
[65] D. Ge, J. Fellay, A.J. Thompson, J.S. Simon, K.V. Shianna, T.J. Urban, et al., Genetic
variation in IL28B predicts hepatitis C treatment-induced viral clearance,
Nature 461 (2009) 399–401.
[66] Y. Tanaka, N. Nishida, M. Sugiyama, M. Kurosaki, K. Matsuura, N. Sakamoto,
et al., Genome-wide association of IL28B with response to pegylated
interferon-alpha and ribavirin therapy for chronic hepatitis C, Nat. Genet. 41
(2009) 1105–1109.
[67] S.S. Sanabani, Y. Nukui, J. Pereira, A.C. Costa, A.C.S. Oliveira, R. Pessôa, et al.,
Lack of evidence to support the association of a single IL28B genotype SNP
rs12979860 with the HTLV-1 clinical outcomes and proviral load, BMC Infect.
Dis. 12 (2012) 374.
[68] R.F.L. Garcia, S. Moreira, A.L. de Araújo Ramos, L.E. Ferreira, A.A. de Mattos, C.V.
Tovo, et al., Interleukin 28B-related polymorphisms: a pathway for
understanding hepatitis C virus infection?, World J Gastroenterol. 19 (2013)
7399–7404.
